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[e610 paOoTHI ABJIAeTCA ONMMCaHHe pe3ysIbTaTOB 
Hay4HbIX HUCCIeOBaHHM B OOacTH OOOCHOBaHHA 
OpraHH3allMOHHO-TeXHH4eCKUX MeponpuaATH 
IIpW pecTpyKTypH3allMuH YrOUIbHON oTpacuM. Mc- 
clleqyeTCA BOIMpoc MpOrHo3sHpoBaHuA IKOJOrMYe- 
CKOH Oe30lacHOcTH B Wpowecce JMKBUAAaluu 
waxtT. Jloka3aHo, 4TO KOMOpTHad 9KOOTMYe- 
CKad CHTyallHaA Ha UCCIIEyYeMON TeppuTOpHU Mo- 
*KeT OBITh OOecHe4eHa Tp PopMuUpoBaHHH IIpo- 
W3BOUCTBCHHOH TporpaMMBbl, YAHMTHIBAIOIeH pe- 
3YJIbTaTbI KOMIVICKCHOTO H3Y4eHHA OOBEKTA HU eTO 
B3aMMOCBA3H C BHellIHeH cpeyqov. B kKauyecTBe 
HayyHoro OOOCHOBaHHA TporpaMMbl Meporpus- 
THU WpejiaraeTca UCIOb30BaHHe CHCTEMHOTO 
aHasM3a WU IpOrHocTuKH. ABTOPaMH YCTaHOBJICHBI 
OCHOBHbIe (baKTOPbI HeraTHBHOLO BO3eCMCTBUA Ha 
Oe30IACHOCTb 2KH3HEJICATCJIBHOCTH HacesIeHHA U 
COpMYJIMpOBaHbI TpeOOBaHHA K TPOrHO3HOH CH- 
cTemMe. M3102%KeHbI CBEeCHHA O BHEJIPCHHU MeTO- 
JONOrMM IIpOrHO3HpOBaHHA B IIpaKTHKy JIMKBH- 
Jal[MOHHbIX padoT Ha TeppuTopun Poccuiickoro 
JjonOacca. 


Ku04eBble CIOBa: TpPOrHO3MpoBaHHe, IKOJIOTU- 
yeckad Oe30MaCHOCTb, JIMKBU alla, MeTOOJIO- 
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The aim of this work is the description of the 
results of scientific research in the field of 
of 
measures in restructuring the coal industry. 


substantiation organizational-technical 
Much attention is focused on the prediction of 
ecological safety in the process of mines liq- 
uidation. It is shown that a comfortable envi- 
ronmental situation in the area can be secured 
by creation of the production program consid- 
ering the results of a comprehensive study of 
the object and its interaction with the external 
environment. As the scientific justification of 
the programme of activities the authors pro- 
pose to use system analysis and prognostica- 
tion. The authors have determined the main 
factors of negative impact on life safety of the 
population and requirements for a predictive 
system. In conclusion they provided the in- 
formation on the implementation of the fore- 
casting methodology in liquidation works in 
the Russian Donbass. 


Keywords: forecasting, environmental safety, 


liquidation, methodology, system analysis, 


* TIpencrapsienHble HCCIe OBAMA BbIMIOJIHeHBI B pamKax Toc3ayanua MunoOpnayku Poccun Nol.10.14 10 Teme «Pe- 
cypcocOeperarollve HW SKOJIOrMYeCKN Oe30NacHble TEXHOJIOFMU OCBOCHHA MOJ3CMHOFO IIpOCcTpaHcTBa Ha OCHOBe KOM- 
IIEKCHOrO MOHHMTOPHHTa BCeX CTATMM %KU3HEHHOLO IMKJIa MHXKCHEPHbIX OObECKTOB HU CHCTeM»> HW rpaHta MK- 

6986.2015.8 mo Teme «Pa3paOoTKa HHHOBalIIMOHHBIX KOHCTPyYKTHBHBIX HW TEXHOJIOrM4eCKHX pellleHHi Mp KpermJsIeHnu 


BCpTUKAJIBHbIX CTBOJIOB IlaxT HW PYHUKOB. 


™ The presented research was performed within the framework of state assignment of the Ministry of Education and 
Science of the Russian Federation No. 1.10.14 on the topic "Resource-saving and ecologically safe technologies of un- 
derground development on the basis of comprehensive monitoring of all the life cycle stages of the engineering objects 
and systems", grant MK-6986.2015.8 on the topic "Development of innovative constructive and technological solutions 


for the vertical shaft walling in mines". 


Dps-journa 





-Fru 





TMA, CHCTEMHBIM AHaJIM3, CHHTeC3, MOHUTOPHHT. 


Bpegenne. Ilepexoq poccuHcKOH SKOHOMHKN B 
JICBAHOCTHIe TOJbI TBaaTOrO BeKa Ha PbIHOUHBIe 
MeETOJIbI XO3AHCTBOBAHHA COIMpOBOKTaICA Mac- 
WTaOHOH peCcTpyKTypu3alnen yYyroubHOH mpo- 
MbIUNWICHHOCTH. B HacTosmjee Bpema Ha 168 mrax- 
Tax Poccuvckon Peylepalluu 3aBeplIeHbI OpraHu- 
3alIMOHHO-TexHuyecKHe padOoTh TO JIMKBU anu. 
Tak, Ha TepputTopuu PocToBcKoH OOacTH B 3ITOT 
TepHoy, ObWIO 3aKpbITO 47 U3 58 yroubHbIX Wped- 
mpusatTun [1]. 

3aKpbITHe HeMepCieKTHBHBIX WaxT COMPOBOXKa- 
eTCA, KaK [OKa3bIBaeT OMIT peaM3alluu Impo- 
TpaMMBI O3J0PpOBJICHHA YrOIbHON OTpacIM, U3Me- 
HeHHeM XapakTepa NpOABJIGHHA HeraTHBHBIX IIpo- 
I[eCCOB, HMeBINMX MECTO IIPM SKCIIyaTalMu mper- 
mpuaTuv. CTpykKTypHO-TexHOreHHoe W3MeHeHHe 
yruIeMOpOAHOrO MaccHBa pekpatlaeTcsa, HO TIpo- 
4ne BUbI OTPUMAaTeIbHOrO BO3JeCMCTBUA Ha OKpy- 
*KAOULYIO Cpely MpOMOMKAFOTCA, Aa HEKOTOPbIe 
IIPOIeccbl CO BPeMeHeM aKkTUBUB3UpyroTcA. JIMKBU- 
auMA YrONbHbIX WaxT COMPOBOXKAaeTcaA BO3HUK- 
HOBCHHeM IIPHMHI[MIIMalbHO HOBbIX ABIICHHH U 
IIpoweccosB, KOTOpble He HaOONauch B Mepvor 
OKCIITyaTauMu MpeANpuATHU U OKAa3bIBaFOT 3Hadu- 
TeJIbHOe HeEraTHBHOe BJIMAHMeE Ha IKOJIO“M4ECKY!O 
Oe30nNacHoOcTb perMoHa [2-5]. Cpeaqu Hux BBIe- 
NAFOTCA CUeTyHOMMe BO3eCUCTBHA: 

— macilTaOHoe 3arpa3HeHHe TMO3CMHBIX BOJIO- 
HOCHBIX TOPH30OHTOB UH PedHOH CeTH, HAaXOJAIIMXcA 
B 30HE BJIMAHUA M1aXxT; 

— TOTOMIeHve TIpuseratoulux TeppuTopun, B 
TOM 4HMCJIe HaCeJICHHBIX ITYHKTOB; 

— HeylIpaBJIdeMOe BbITeIeHHe BPeHbIX Ta30B U3 
NMKBUJMpOBaHHbIxX TOPHBIX BbIPAOOTOK B BO3AYII- 
HYy¥O cpeyly; 

— ylepbopMallun JIHEBHOM MOBepXHOCTH; 

— HeraTHBHOe H3MeHeHHe COCTOAHUA MOUBECHHOLO 
MOKPOBa B pe3yJIbTaTe MOTHATHA YPOBHA IPyHTO- 
BbIX BOJL. 

UtToroM 9THX TIpoOmleccoB ABIAeTCA MpakTH4eCKH 
HeoOpaTuMoe 3arpxA3HeHHe MOUYBbI HU MOBepXHOCT- 
HbIX BOJIOCMOB MHMHEepasIbHbIMH COJIAMH, TAXKEJIBI- 
MM MeTaJIIaMU UW ZpyrMMu BpeAHbIMU BEIIeCTBa- 
MH; WHTeCHCHUKAalMA COBMKeHHA MTOCHepbI U 





synthesis, monitoring.. 


Introduction. The transition of the Russian 
economy in 1990s to the market economy was 
followed by large-scale restructurisation of the 
coal industry. Currently, the abandonment or- 
ganizational-technical work is completed in 
168 mines of the Russian Federation. So, on 
the territory of Rostov region 47 of the 58 coal 
mines were closed during this period. [1]. 
According to the experience in implementa- 
tion of the programme of rehabilitation of the 
coal industry the closure of unpromising 
mines 1s accompanied by the changes of na- 
ture of negative processes occurring in the en- 
terprises operation. Structural-technological 
changes in coal-rock mass are stopped but 
other negative impacts on the environment 
continues, and some processes are activated. 
Abandonment of coal mines is followed by the 
emergence of fundamentally new phenomena 
and processes, which was not observed in the 
period of enterprises operation and has a sig- 
nificant negative impact on ecological security 
of the region [2-5]. Among them are the fol- 
lowing effects: 

— large-scale pollution of underground aqui- 
fers and the river network in the zone of influ- 
ence of the mines; 

— flooding of adjacent territories, including 
human settlements; 

— uncontrolled release of harmful gases from 
abandoned mine workings into the air; 

— deformation of the ground surface; 

— adverse change in the condition of a soil 
cover as a result of raising the groundwater 
level. 


The result of these processes is almost irre- 
versible pollution of ground and surface wa- 
ters with mineral salts, heavy metals and other 
harmful substances; intensification of move- 





3€MHOM MOBepXHOCTH, BbITeCHeEHHe BPeCAHbIX Ta30B 
M3 BbIpadOoTaHHOTO TpocTpaHcTBa B aTMOC(epy. 
Ha 3€MeJIBHBIX OTBOJaX 3AKPbIBACMbIX IlaXxT 
OCTaFOTCA pa3JIM4Hble HAKONMTeIM TBepbIX U 
%KUIKUX OTXOOB yruieqOObMu: TeppHKOHBI, INIa- 
MOHAKONUTeIM, OTCTOMHUKM, 3aHMMarollMe o6- 
IUMpHbIe TeppHTOPHH VU ABJIAFOUIMeCA OBOJIbHO 
Cepbe3HbIMH UCTOUHHKAaMU 3arpsA3HeHWA THIpO- 
ccbepbl 4 aTMocdepbl pernona. 

J\etabHad OlleHKa CHTyallMu MO3BOIIAeT Ompeye- 
MTb JIMKBUalWio WaxT KaK IIPWMOPHTeTHbIM UC- 
TOUHHK HeraTHBHOrO BJIMAHUA Ha Oe30MaCHOCTb 


yI'IeOObIBaFOINMX PerHOHoOR (puc. 1). 


ment of the lithosphere and the earth's surface, 
the release of the noxious gases from the 
abandoned workings into the atmosphere. On 
the land allotments of mine closures there re- 
main different storage elements of solid and 
liquid coal waste: waste heaps, sludge pits, 
lagoons, which occupy a vast territory and are 
quite serious sources of pollution of the hy- 
drosphere and atmosphere of the region. 

A detailed assessment of the situation makes it 
possible to define mines abandonment as a 
priority source of negative influence on safety 
in coal-producing regions (Fig. 1). 


JIMKBU aA YrOIbHBIX WaXxT 
Coal mines abandonment 


OKOOIMA peruvoua 
Ecology of the region 


OIKOHOMMKa pernvoua 
Economy of the region 


CormambHasa cepa 
Social sphere 


Pa3pylleHHve cpeybl OOuNTAaHHA 
HaceJIeHHA peruoHa 
Habitat destruction of the region's 
population 





Puc. |. Herarupyoe Bo3yeNCTBHe JIMKBUallMU YrOJIBHBIX IaxXT Ha perwOH 


Fig. 1. The negative impact of coal mines abandonment in the region 


Tno0albHad WpoOmeMa pervoOHasIbHbIxX opra- 
HOB BJIaCTH 3aKHOUaeTCA B TOM, YTOOHI B IIpo- 
TOJDKAFOWIEMCA IIpowecce JIMKBU alu yrOIbHBIX 
waxT OOeciHeuyHTb KOM@OPTHbIC YyCJIOBHA JIA 
2%KV3HEJCATCIBHOCTH HacesIcHHaA WaxTepCKUXx 
TeppHTOpuit WM MMHAMH3HPOBaTb HeraTHBHbIe 
BO3CHCTBUA BO3HHKaFOUIMX TeCXHOreHHBIX (paK- 
TOPOB Ha OKpyKarolllyloO IIpHpoyHyro cpeyy. JIo- 
CTWMKCHHe YKa3aHHbIX Weve WpewwouaraeT pe- 
IWeHHe Ce YIOWMxX HayYHO-TeXHM4eCKHX 3aa4: 


— BbIABJICHHe HPpUpOAHbIx HW TCXHOrCHHBbIxX (bak- 
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Global problem of the regional authorities 
is to provide in the ongoing process of coal 
mines abandonment comfortable conditions 
for the life of the population of mining areas 
and to minimize negative impacts of the oc- 
curring technogenic factors on the environ- 
ment. The achievement of these objectives 
implies the solution of the following scientific 
and technical objectives: 


— identification of natural and technogenic 
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TOPOB, OMpeyeuAIOWIMX XapakTep HU MacilTaObl 
9KOJIOPMY4eCKHX MOCIeACTBUM JIMKBU anu W1axT; 
— OOBCKTHBHAA OLCHKAa POJIM BbIABJICHHbIX (bak- 
TOPOB Ha pa3JIM4Hble MIpoOlecchl, IpoTeKarolue B 
nmutTocdepe, ruapocdepe u arMocdepe; 

— oQOocHOBaHHe HU pa3paOoTKa OITHMasIbHOTO 
KOMIMIeKCa MeTOJOB HM MeTOAMK reosKouOrMye- 
CKHX HaOsIOJeHnH; 

— (popMupoBaHHe MporpaMMbl TeEXHH4eCKHX Me- 
ponpuATHH, HallpaBJICHHbIX Ha IpeqOTBpalljeHue 
WIM MMHUMM3allHi0 HeraTHBHOrO BJIMAHHA JIMK- 
BU JalMOHHBIX pavor. 

XapaktTep yKa3aHHbIX TIPOMeccOB B KaKJIOM 
YIIeqOObIBaFOIeM perwoHe MMeeT cnenMmduye- 
ckue OCOOCHHOCTH, MOSTOMY HpHMeHeHHe NIA 
3aKPbITHA WlaxXT CTaHAapTHbIX Me€TOJMK MU TeXHO- 
NOrHH MO#KeT MWpWBeCTH K IKOJIOrM4eCKHM IIpo- 
WCIICCTBHAM UM Jake KaTacTpodaM, B KayecTBe 
IIpHMepa KOTOPpOM MO%KHO IIpMBecTH HeympaBJ1A- 
emoe 3aTOMIeHHe IWaXxTbI «SanayqHas- 
KallutTajibHad» (Pocropckasd oOmacTb). B cBa3u Cc 
BO3HHKaKOIMMH = =HayuHbIMM UM  TeXHHKO- 
TeEXHOJIOFHYeCKHUMUM HeonmpeyesIeHHOCTAMH Heoo- 
XOJMMO BBbINOJHATh HaydHoe OOOCHOBaHHeE IIpo- 
CKTa JIMKBUalluu, B TOM 4MCIe MepcieKTHBHOe 
IIPOrHO3MpOBaHHe COCTOAHUA TexXHOCdepbl B pe- 
ruoHe. Pe3yibTaTbl Hay4HO-HCCIICHOBaTeJIbCKUX 
paOoT 0 BOlIpocaM, OObeMHEHHbIM TeMOM pe- 
CTPYKTYpv3allMH YrOJIbHOM OTpacIM, B 4acTHO- 
CTH, 10 MpOrHo3HpOBaHHIO 9KOTUOrMYeCKON 0e3- 
ONaCHOCTH, ABJIAIOTCA AKTYAJIbHbIMH B HACTOAINee 
BPeM4A HM B lepclieKTUBe, IOTOMYy YTO MepMaHeHT- 
HbIe H3MCHECHHA B CTPyKType WaxTHOrO (OHA He 
lipekpailarotcs. AHasiM3 Hay4HbIx WyOsMkKauni 
110 paCCMaTPHBaeMOMY BOMpOcy MOKa3bIBaeT, UTO 
OTCYTCTBYIOT paOOTbI, B KOTOPbIX CHCTCMHO 
lipeyictaBlieHa Teopua UW WpakTuKa MOJTOTOBKU 
OpraHH3al|MOHHO-TeXHHYeCKHX MepOLpHATHH TO 
NMKBU alu YrOJIbHBIX WaXT, MOSTOMY aBTOPbI 
CTaTbH CUMTAIOT LeIecOOOpa3HbIM H3J1O%KUTb pe- 
3YJIbTaTbI TEOPCTHYCCKHX HW IKCIICPHMCHTAJIBHbIX 
MccueqOBaHHH. 

Merojoso0rma TeoperwuecKknHx HW IKCHepHu- 
MeCHTA@JIBHBIX HccieqoBaHHn. Meroyonorua 
(DOpMupyeT XapakTepHOe JIJId COBPCMCHHOLO JTAa- 


Ila HAYTHO-TCXHHACCKOLPO pa3BHTWA TeCCHOe Hepe- 


factors that determine the nature and scale of 
ecological consequences of mines abandon- 
ment; 

— objective assessment of the role of the 
identified factors on various processes occur- 
ring in the lithosphere, hydrosphere and at- 
mosphere; 

— substantiation and development of optimal 
complex of methods and techniques of geo- 
environmental observations; 

— formation of the program of technical 
measures aimed at preventing or minimizing 
the negative impact of abandonment work. 

The nature of the processes in each coal 
producing region has specific features; there- 
fore the application of standard methods and 
technologies for mine closure can lead to envi- 
ronmental incidents and even _ accidents, 
which, as an example, can result in uncon- 
trolled flooding of mine "Zapadnaya- 
kapital’naya" (Rostov region). Taking into 
consideration the emerging scientific and 
technological uncertainties it 1s necessary to 
perform a scientific study of mines abandon- 
ment project, including long-term forecasting 
of the technosphere state in the region. The 
research results on the issues of coal industry 
restructuring, in particular, on the prediction 
of ecological security are very topical at pre- 
sent and in the future, because permanent 
changes in the structure of mining do not stop. 
The analysis of scientific publications on the 
subject shows that there are no works that sys- 
tematically presents the theory and practice of 
preparation of organizational and _ technical 
measures for abandonment of coal mines, so 
the authors consider it appropriate to present 
the results of theoretical and experimental 
studies. 

The methodology of theoretical and ex- 
perimental research. The methodology forms 
characteristic of the present stage of scientific 
and technological development network of 


elements of science and practice in solving 
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IWIeTeEHHe 9JICEMCHTOB HAayKU VU TpakKTHKU pH pe- 
ICHHM TaKOH KpyWHOW KOMIJIEKCHOM TpoOsIeMBI, 
Kak pa3pa0oTKa MeponpuaTu no 3ammutTe OIC 
Ha cTaqMuW JIMKBUAaWMn YyObITOUHBIX YYIOJIbHbIxX 
waxtT B Poccun. Ilo MHeHHIO aBTOPOB, OOOCHOBA- 
HHe€ 9%KOJIOTM3MpOBaHHBIX  OpraHv3allMOHHO- 
TeEXHHYeCKHX pelleHH JOIOKHO Oa3supoBaTbcA Ha 
cileqyOuluxX TeOpwAX: CHCTeMHOrO aHasIn3a U 
CHHTe3a, UCCIIEJOBAHHA ONepallMi, MIpOrHOCTHKU. 
IIpu 3TOM OOBCKTHBHEIM HAyYYHbIM MpOrHo3 co- 
CTOAHUA IKOJOFMYeCKON Oe30MaCHOCTH B YrOJIb- 
HOM pervOHe ABJIACTCA OCHOBHOM HHPopMalnen 
JIA IpPWHATHA ylipaBsIeH4eCKHX pellleHHH 10 
MpOrpaMMe JIMKBU alu YOJIBHBIX IaxT. 
VUcxoHbIM ITYHKTOM (OPpMUpPOBaHHA UCTIOJIb- 
3YeEMOH MeCTOJOJIO“NM ABIIAeTCA Oa30Bad Hay4dHad 
TeEOPHA, PaccCMaTpHBaLOllad WIaXTbI COBMECTHO C 
OKpyxKarollleH cpeyOW B KayeCTBe CJIOKHOU M- 
HaMHW4eCKON IIPMpOAHO-TeXHHYeCKOH CHCTeMBI 
(ITC). Bce oObekTBI HW 9IICEMeHTBI yKa3aHHOW 
«OOJIBIIOM» CHCTEMbI C y4eTOM MHorooopa3uA 
TEXHOJIOPM4eECKHX TIpOMeccoB HM UCIIOJHUTesen, a 
TakoKe OpraH3allMOHHbIX (OPM, CBA3AaHbI Me2*KILY 
CoOOH OlpeyeseHHbIMH OTHOMICHHAMM UW Haxo- 
ATCA B IOCTOAHHOM HU MpOTHBOPe4HBOM B3aMMO- 
mevuctBun. IIpormecc oOecneyeHua 9KOJIOrM4eCKON 
Oe30IaCHOCTH ClestyeT paCCMaTPUBAaThb TakxKe Kak 
CJIOKHYIO OplraHH3al[MOHHO-TeXHOJIOrM4yeCK y!IO 
cuctemy. CTpyKTypa paccMaTpuBaeMOn CHCTeMBI 
COCTOMT 13 MHO2%KECTBa KOMIIOHEHTOB, (OPMUpy- 
FOIMXCA MCXOJA W3 UX PYHKUMOHAIbHBIX Xapak- 
TepUCTHK WU B3aMMOOTHOMeHHH B_ Tmporecce 
(DYHKIIMOHUpOBaHuA CHCTeMbI B eu0M [6—10]. 
OHUM U3 OCHOBHBIX YCJIOBHM yciiemmHoro perle- 
HHA IpOOJIeEMBbI ABJIACTCA COOTBETCTBHe IIpHMeHs- 
CMBIX MeTOJIOB HCCIEOBaHHA CIIOXRKHOCTH AHasIN- 
3HpyeMou cucTeMbI. AHamM3 myOmuKamun [11— 
13] noKka3an, 4TO 3deKTHBHOCTbh CHCTeMHOro 
HOUXOa NOATBepKAeHa WpakTUKON pa3paooTKu 
CJIOKHbIX CHCTeEM HU pe3yJIbTaTaMH UX BHeEpPeHUA 
B pa3JIM4HbIX OTpacyAX HapOJHOrO XO3AHCTBA. 
CTpykTypa CHCTeMHOro aHasIM3a HallpaByIena Ha 
TO, 4UTOObI COCpeXOTOUMTb TlaBHble ycusIMA Ha 
CHOXKHBIX HW, KaK TWpaBuslo, KPyMHOMAaCcIUTaOHbIx 
poOsleMax, He NO TaOWMXcA pellleHuIO OosIee 
IIPOCTBIMH HCCJIeOBaHHAMHU, HalipuMep, HaOJI1o- 
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such a large complex problem, as the devel- 
opment of measures to protect the environ- 
ment at the stage of abandonment of unprofit- 
able coal mines in Russia. According to the 
authors, the rationale of ecologically sound 
organizational and technical solutions should 
be based on the following theories: system 
analysis and synthesis, operations research, 
forecast. And the objective scientific forecast 
of the state of the environmental safety in the 
coal region is the basic information for mak- 
ing management decisions on the program of 
coal mines abandonment. 

The starting point of formation of the used 
methodology is the basic scientific theory, 
which considers mines together with the envi- 
ronment as a complex dynamic natural- 
technical system (NTS). All of the objects and 
the elements of the specified "big" system, 
taking into account the diversity of technolog- 
ical processes and performers, as well as or- 
ganizational forms, are bound together by cer- 
tain relations and are in constant and contra- 
dictory interaction. The process of ensuring 
environmental safety should also be consid- 
ered as a complex organizational and techno- 
logical system. The structure of the system 
under consideration consists of multiple com- 
ponents, formed on the basis of their function- 
al characteristics and relationships in the func- 
tioning of the system as a whole [6-10]. One 
of the main conditions of successful problem 
solving 1s a compliance of the applied research 
methods to the complexity of the analyzed 
system. The analysis of the publications [11- 
13] showed that the efficiency of the system 
approach is confirmed by practice in the de- 
velopment of complex systems and the results 
of their implementation in various sectors of 
the economy. The structure of the system 
analysis is aimed at focusing the main efforts 
on the complex and typically large-scale prob- 
lems which cannot be solved by simpler inves- 
tigations, for example observation. For the 
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jeHuem. JlyIaq WpakTwMy4ecKOM pealM3alMU pa3pa- 
OoTaHHOM TeOpHu UCIHOUb30BaICA MHTerpupo- 
BaHHbIM CHCTeMHBIM aHamu3 (MCA), koToppIl 
BKHOUaeT B CeOA aHasIM3 CTpaTerM4eckOu, MOp- 
(bonorM4ueckoH, (YHKUMOHAIbHOH WU TreHe3HCHO- 
IIPOTHOCTHYeCKOH CTpaT 9TANIOHHOWM CHCTeMBI U 
CpaBHeHHe UX C aHasIOrM4HbIMH CTpaTaMy peasib- 
Hou IITC. HWpumenenne UCA no3sBomseT yiry4- 
IUHTb Weuenouaranve B UCCIeOBAHHAX CHCTeMBI, 
HCIOJIb3yYA TaKWe BaxKHbIe CHCTCMHbIC CBOMCTBA, 
Kak CHHepreTuyeckui 9PeKT, IMCPJYKCHTHOCTE, 
MYJIBTHIMIMKalMOHHBIN 3(eKT, OTKPbITOCTb U 
aylalITHBHOCTB. 

Ucnomb30BaHve TeOpHu UCCIIeOBaHuA Ollepa- 
IMM OOYyCIOBJICHO TEM, YTO Ce METOJIbI IO3BOJIA- 
FOT TOJYIMTb pellleHHs, HavWJly4lwuM oOOpa30mM 
OTBeYaIOlMe WeuaM OpraHH3alluu TeXHOOrMye- 
CKUX TIPOMeccoB JIMKBU alu maxT. Tak, OCHOB- 
HOH MOCTyIaT TeopHu UccIeqOBaHuA Onepallui 
TuacHT, UTO ONTHMasIbHOe pellleHve ecTbh Hadop 
3HayeHH TIepeCMeHHBIX, Ip KOTOPOM JOCTHTaeT- 
CA ONTHM@aIbHOe 3Ha4eHHe eueBow dyHKUMu 
ollepalluu UW COOuFOMaIOTCA 3ayaHHble OrpaHnue- 
HA. 

OcHOBHbIM KpHTepvemM 93@deKTHBHOCTH JIMK- 
BUalMOHHbIX padoT ABIIAeCTCH Oe30IaCHOCTb 
KU3HECATCJIbBHOCTH HaceJIeHuA TeppuTopuu u 
HeEOOXOJIMMBIM YPOBeCHb 9SKOJIOrMM OKpyxKarollen 
CpeybI, MOITOMY OpraHaM ylIpaBJIeHHA PeTHOHOM 
M OOMCCTBEHHOCTH 4pe3BbI4aMHO BaxKHO 3HaTb 
cocrosHue IITC B kKpaTKocpo4HoN u ONrocpou- 
HOM MepciiekTuBe. TakuM o0pa30mM, HeoOxOHMMO 
BbINOJHATh KOMIIICKCHOe HaydHoe MpoOrHo3npo- 
BaHHe, 3aKJIFOUAaIOMeecA B TOJIHOMACIUTaOHOM U 
JJOCTOBepHOM TpeyicTaBJIeHHH YCJIOBHM  KY3HH 
moyen pW OCYMIeCTBIICHHU JIMKBUallMOHHBIX 
MeponpHaTHH. Jia MOBbILIeCHHA JOCTOBepHOCTH 
MHMOpMallun WpeiaraeTca B KOMIIIeKce C CH- 
CT€MHBbIM aHasIv30M UM UCCIesOBaHHeM Olepalun 
HCIHOJIb3OBaTb MeCTOJOJIOIMIO IIPOrHOCTHKH, KO- 
TOpad COJepxKUT 3aKOHBI WU CMOCOObI pa3spadoTKH 
IIpOrHO30B pa3BHTHA JIMHAaMM4YCCKHX CHCTeM. 
IIporHo3upoBaHHe SJKOJIOrMYeCKON Oe30macHocTu 
YIOJIBHBIX PerHOHOB, TO MHeHHIO aBTOPOB, 
OJOKHO OlMpaTbcaA Ha WHTeCrpHpOBaHHbIM CH- 
CT€MHbIM aHasIv3 B CBA3H C_ BbIIM,eyKa3aHHbIM 


practical implementation of the developed 
theory the authors used an integrated systems 
analysis (ISA), which includes the analysis of 
strategic, morphological, functional and gene- 
sis-prognostic strata of the standard system 
and their comparison with similar real NTS 
strata. The use of ISA makes it possible to 1m- 
prove goal-setting in studies of the system us- 
ing such important system properties as syner- 
gistic effect, emergence, multiplier effect, 
openness and adaptability. 

The use of the theory of operations research 
is due to the fact that its methods allow obtain- 
ing the solutions that best meet the objectives 
of the organization of technological processes 
of liquidation of mines. So, the main idea of 
the theory of operations research says that the 
optimal solution is the set of variable values 
for which an optimal value of the objective 
function of the operation is reached and the 
specified limits are observed. 

The main effectiveness criterion of aban- 
don operations 1s the safety of life of the popu- 
lation and the level of environmental ecology, 
therefore, it is extremely important that regu- 
latory bodies of region and community know 
the status of NTS in the short and long term. 
Thus, it 1s necessary to perform complex sci- 
entific forecasting, which consists of the full 
and authentic understanding of the living con- 
ditions of the people in the implementation of 
abandon operations. To improve the reliability 
of information it is along with the system 
analysis and operations research to use a 
methodology of prognostics, which contains 
the laws and methods of forecasts develop- 
ment of dynamic systems development. Ac- 
cording to the authors the prediction of the 
environmental safety of the coal regions 
should be based on integrated system analysis 
because of the above mentioned principle of 


the complexity of the analyzed systems and 
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IIPMHIMMOM COOTBETCTBHA CIOXKHOCTH aHasIu3u- 
PYeCMBIX CHCT€M HM MeTOJOB ee OLeCHKH. CyTb 
UCA mpupoaHo-TexHuyecKHuxX CHCTeEM MOXKHO 
ONpeyeIMTb, KAK MeTOX, «“ABOMHOTO KOMIJIe€KCa»), 
T.e. MccesqOBaHve UW OMeHKy KOMIMIeKca Mapa- 
METPOB, XapaKTepv3yIOWIUX TeKYyykoO Oe30mac- 
HOCTb perwoHa, KOMIMICEKCOM HHCTPYMECHTAJIBHbIX 
WM MaTeMaTH4eCKHX MCTOJIOB. 

BpmueonucaHHad TO3HIvA lmpeqcTaBAaerca 
NOTHYHOK MW OOOCHOBaHHOM, MOTOMY 4TO JIMHa- 
muky IITC dopmupytroT cBblle WBaqwaTH UCcTOU- 
HHKOB TreOMexaHHyecKOroO, reouworMyeckoro, du- 
3MKO-XHMH4eCKOrO WH TuAporeouorMyeckoro xa- 
pakTepa, KOTOpble HaxOJATCA B MepMaHeHTHOM 
B3auMoyencTBHH. IIpeqnaraemy¥o KOH@uUrypa- 
IMEIO MeTOXOJIOINMU UMCCIICIOBaHHH, ABJIAKOWIeHCHA 
OCHOBOM Hay4HOro COMpoBOxXAeHHA Meporipusa- 
THU 10 JIMKBUAaluu yrOJIbHbIxX WaxT B Poccun, 
OOBeMHACT B OOMLy!O CHCTeMy LeeBad (YHKUMA 
ONeHKH pucKa. PucK B paccCMaTpHBaeMOM KOH- 
TeKCTe — KOJIMUECTBEHHad OLCHKa YCTOMYMBOCTH 
pa3JIM4HBbIX KOMIMOHEHTOB OKpyxKaroll[ev cpebl 
BO3MO2%KHOCTH HeOOpaTHMOTO pa3pylleHHA CpeJIbI 
oOuTaHHa HaceseHua. IIpu 9TOM KaxkKbIM ero BU 
OOyCAaBIIMBalOT XApaKTepHble MCTOUHHKU U (pak- 
TOPbI puckKa. Tak, 9KOJIOTM4eCCKHM PUCK BbIpaxkaerT 
BeCPOATHOCTb 9KONOTMYeCKOTO OeCTBUA, KaTa- 
CTposl, HapylleHuA asIbHeMIero HOPMaJIbHOrO 
(DYHKI[MOHUpOBaHA HW CYLIIeCCTBOBaHHA 3KOCH- 
CT€M HM OOBEKTOB B pe3yIbTaTe AHTPOMOreHHOro 
BMEIUATeJIbCTBA B IIpHpoOHy!O cpeyy WIM CTH- 
xMMHOoro OencTBHA. HexkenaTenbHbEie COOBITHA 
QIKOJIOPMYECKOTO PHCKa MOLyT IIPOABJIATBCA KaK 
HelOCpeJICTBeHHO B 30HAX BMEIMaTeJIbCTBA, TaK U 
3a UX Wpeseswamu. 

M3n07%KeHHat MeTONONOrHA  oObOecMeuMBaeT 
TIOJIHbIA ~KOMIUIEKC UCCIeIOBaHHA HeraTHBHOTO 
BO3JCHUCTBHA IIPOMeCcoB, COMPOBOXKT]arollux JIMK- 
BUauMtO YIOJIbHbIX MWlaxT: BbIABJIGHHe WU UjJeH- 
THUKAUMIO OMAaCHbIX (aKTOPOB, HX Ka4eCTBeH- 
Hy¥O HW KOJIM4ECTBEHHY!HO OIeCHKy, JMHAaMUKy COo- 
CTOAHHA TeXHOCepHow Oe3sonacHocTH B ep- 
cnekTuBe. KOuHIellTyasIbHad CxeMa OIeCHKH HU 
yupaBsIeHHA TOTeCHIMaIbHbIM 9KOJIOrMYeCCKUM 


PHCKOM B pernoHabHon IITC mpoyemouctpupo- 
BaHa Ha pu. 2. 





methods of assessment. The essence of natu- 
ral-technical systems ISA can be defined as 
the method of "double complex", 1.e. the re- 
search and evaluation of complex settings that 
characterize the current safety of the region, 
the complex of instrumental and mathematical 
methods. 

The above mentioned position seems logi- 
cal and reasonable, because the dynamics of 
NTS is formed from more than twenty sources 
of geomechanical, geological, physical, chem- 
ical and hydrogeological nature, which are in 
permanent interaction. The objective function 
of a risk assessment unites the proposed meth- 
odology research configuration in a system, 
which is the main scientific support of 
measures on coal mines abandonment in Rus- 
sia. Risk in this context is the quantitative as- 
sessment of the sustainability of various com- 
ponents of the environment and the possibility 
of irreversible destruction of the habitat of the 
population. And each kind of characteristic 
determines specific sources and risk factors. 
So, environmental risk expresses the probabil- 
ity of environmental disasters, catastrophes, 
violations of the normal functioning and exist- 
ence of ecosystems and objects as a result of 
human intervention in the natural environment 
or natural disasters. Undesirable events of eco- 
logical risk may occur directly in the areas of 
intervention and beyond. 

The methodology provides a full range of 
negative impact studies of processes accom- 
panying coal mines abandonment: detection 
and identification of hazardous factors and 
their qualitative and quantitative assessment, 
the dynamics of the state of technosphere safe- 
ty in the future. Conceptual scheme of evalua- 
tion and management of potential environ- 


mental risks in regional NTS is shown in Fig. 
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NTS object analysis 
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Co3qaHve KOM@OpPTHBIX ycJIOBHH 
KUZHEAeCATCJIBHOCTH HaceJIeHHA 


Creation of comfortable life conditions 


Puc. 2. KontjentyasiIbHad CXeMa OLCHKH UM yiIpaBJICHHA 9KOJIOTHYCCKUM PHCKOM 
Fig. 2. Conceptual scheme of assessment and environmental risk management 


HeoOxoquMO OTMeTHTb, 4TO 93ddeKTHBHbIM 
MHCTPyYMeHTOM IIPOrHO3HpOBaHHA, KaK [OKa3bI- 
BaeT [IpakTHKa, ABJIAeTCA MOJIeMpoBaHHe [14]. 
ONTHMaJIBHbIM ~MOJICJIbHbIM KOMIIICKC Ip T0- 
CTpOecHHU 9XKOJIOrMYeCKOrO MpoOrHo3a OJDKeH 
BKIIOUATH CIE YFOUNe COCTAaBIIAFOMIMe: 

— MOeM OObBEKTOB yrilIewOpoqHOrO MaccuBa, 
MOJI€JIH BO3YINHOW WU BOAHOM cpey, B lpeyesax 
peruona; 

— MOJIe€JIM pa3sJIM4YHbIX TEOMeXaHHYeCKHX, TUApPo- 
reoulOrH4ecKuHX UW JPyrux TeXHOTeHHbIX IMporlec- 
COB; 
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It should be noted that as practice shows, 
the simulation is an effective forecasting tool 
[14]. The optimal model complex in the 
construction of ecological forecast should 
include the following components: 

— object model of coal-rock mass, the model 
of air and water environments within the 


region; 
— models of various geomechanical, 
hydrogeological and _ other technological 


processes; 
— models describing measurement processes 
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— MOJIeJIM, ONMCHIBAaIOlIHe MpoOlecchl “3MepeHut 
MW pacyeT ceTu HadIOeHuH; 

— 9TaJIOHHbIe MOJeIM XKOJOrM4eCKH HOPMalIb- 
Horo coctrosHua IITC; 

— 9KOHOMHKO-MaTeMaTH4ecKHe MOJeIM ONeCHKY 
9PMeKTHBHOCTH NMpuposOOxpaHHbIxX Meporpus- 
THU. 

Pe3ylbTaTbI CHCT€MHOrO TMpOrHo3HpoBaHHa, 
BbINOJIHCHHOrO B COOTBETCTBHH C H3JI0X%KCHHOM 
MeTOJOJIOIMeH, OYYT IpeACTaBIATbh HaylexKHYtO 
MHMOpPMAallLHOHHY!0 OCHOBY JIA pa3spaOoTKU HU pe- 
anM3allwu WporpaMMbl JIMKBUAalMH YrOJIbHbIx 
waxT. XapakTepHOM OCOOeCHHOCTbIO aHHOW pa3- 
paOoTKH ABJIACTCH BO3MO2%KHOCTb pa3pellleHuA 
BC€X Hay4HO-TeXHWYeCKHX HeollpeyesIeHHOCTeH, 
CBA3AHHbIX C HeEJOCTATOYHbIMM 3HAHUAMU O B3a- 
MMOJCMCTBUUM 3arpxA3HCHHU C YeJIOBCKOM UM KOM- 
moHeHTaMH IITC. 

Pe3yJIbTaTbI HCCIe{OBaHHH 10 paspadoTKe 
MeTOJMKH IIpOrHoO3HpoBaHHA COCTOHHMA Tex- 
Hocepbi. ABTOpaMu ObIIM BbINOJHeEHbI 3KCIe- 
PUMeHTaJIbHO-TeopeTHYecKuHe uccueqOBaHHA 
TIIpOOMeMbI JIMKBUAalMu WaxT Ha TeppuTopun 
Poccuuickoro JloHOacca (PocToBckasx oOsacTB), 
ABJIAFOULCTOCA THIIMYHBIM YIOJIBHbIM OacceHHOM 
Hallie CTpaHbl. B mpollecce W3y4eHHA peasIbHOU 
CHTyallMu yCTaHOBJIeH pay PakTOpoB, OlpeyesA- 
FOUMX + TeoworMyeckue, ruyporeoumorMyeckue U 
9KONOrMYeCKHe Tponecchl Ha UCCcIeqyeMon Tep- 
putTopuu. Ha ocHope aHasM3a OOBeEMOB HU IIpo- 
CTpaHCTBeHHOrO paciouOx%KeHHA OOBEKTOB Top- 
HbIX paOoT (TOPHBIX BbIPAOOTOK, BbIPAOOTaHHOTO 
IIPOCTpaHCTBa) B YIJIeMOpOHOM MaccuBe Oba 
IIpOu3BeeHa OMeCHKa JIOTMHCTH4YCCKON B3AMMOCBA- 
3H MexKTY HUMH. CorsacHo pemeHuto MunsHepro 
Poccuvickon Weyepaluu, MIMKBUaluA Hernlep- 
CIeCKTHBHBIX YIOJIBHBIX IWaxXT B PerMOHax OCy- 
I€CTBIACTCA CHOCOOOM NouHOro 3aTonseHua [7]. 
CireOBaTesIbHO, JMHAaMUKa MO3CMHBIX IaXTHbIX 
BO] ABJIACTCA OCHOBHbIM (PaKTOPOM Tp OLeHKe 
9KOJOFMYeCKONH Oe30NacHOCTH JIMKBUalMOHHbIX 
paOot. Pe3yibTaTbI aBTOpcKux MUCcceTOBaHu 
MO3BOJIAKOT CeuaTb OJHO3HAYHbIM BbIBO O (op- 
MUpPOBaHHA B BbIPAOOTAHHOM IIPOCTpaHCTBe Tex- 
HOreHHbIX BOJOaKKYMYJIMPY!OIMX TOPH30HTOB, 
4TO TOMTBepKTaeTcA WpakKTHKOM TuyApouornye- 
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and calculation of network observations; 

— reference models of ecologically normal 
NTS condition; 

— economic-mathematical — effectiveness 


assessment models of ~— environmental 
conservation activities. 

The results of the system forecasting, made 
in accordance with the above mentioned 
methodology, will provide reliable 
information basis for the development and 
implementation of the program of coal mines 
abandonment. A characteristic feature of this 
is the ability to resolve all scientific and 
technical uncertainties related to insufficient 
knowledge about the interaction of the 
contaminants with the humans and 
components of NTS. 

The research results of the development 
of methods of the technosphere state 
forecasting. The authors have performed 
experimental and theoretical studies of the 
problem of mines abandonment in Russian 
Donbass (Rostov region), a typical coal basin 
in our country. In the process of studying of 
the real situation they have determined a 
number of factors that determine geological, 
hydrogeological and ecological processes in 
the studied area. Basing on the analysis of the 
volume and spatial location of objects of 
mining operations (mine workings, goaf) in 
coal-rock mass, they estimated logistic 
relationships between them. According to the 
decision of the Ministry of Energy of the 
Russian Federation, unviable coal munes 
abandonment in the regions is carried out by 
total flooding [7]. Therefore, the dynamics of 
underground mine waters is a major factor in 
assessing the environmental safety of abandon 
operations. The results of investigations make 
it possible to draw an unambiguous conclusion 
about the formation in mined-out space of 
water accumulating technogenic horizons, as 
evidenced by the practice of hydrological 


observations. 
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CKHX HaOJHOJeCHUM. 

JIuHamMuka rugpocdepbi B coueTaHHu Cc Jpy- 
TMMU TeCXHOreHHbIMH UH TIpHpOHbIMU (bakTOpaMu 
OKa3bIBaeT HeraTHBHOe BO3eMCTBHe Ha OKpyxKa- 
FOLLYIO IIPHpoOAHyr!O cpexy UW Oe30MacHOCTh %KH3- 
HeJICATCJIBHOCTH HaceyleHua. B uacTHOCTH, 3a- 
TOMIeHve WaxT MHMIMupyeT HapyllieHve ciIO- 
XKMBIICETOCA Pe2xKUMa TOBepXHOCTHOM HU MO3eM- 
HOH ruyzpocdepsi, 3a007a4yHBaHHA 3eCMeJIb CelIb- 
CKOXO3AHCTBCHHOTO Ha3HayeHHA, BbIXOa Ha I0- 
BePXHOCTb TaK Ha3bIBAeMOrO «MEPTBOLO BO3Ily- 
Xa), 3a°pax3HCHHA aTMOC(epbI BbIOpOcamu I0- 
POHBbIX OTBaI0B. Ha TeppuTOpHu yrOJIbHbIX pe- 
THOHOB MMeeTCA PAT PILYOMHHBIX pa3JIOMOB 3€M- 
HOW KOpPbI, YTO MO2XKET MPHBECTH K MOBBILIeCHHbIM 
BbIJICJICHHAM pajJMOaKTUBHOrO ra3a pagoua. IIpu- 
HHMasd BO BHMMAaHHe COCTAB IaXTHbIX BO], KOTO- 
pble 3alOHAKOT BbIPAOOTAHHOe TpOCcTpaHCcTBO 
(cm. TaOnnity 1), MO%KHO MpOrHO3MpOBaTh pealib- 
Hy!O yrpo3y Oe30NacHOCTH HaceJIeHHA pervoHa B 
cily4ae HEKOHTposIMpyeMOro TIporecca. 


of the 


combination with other anthropogenic and 


The dynamics hydrosphere in 
natural factors has negative impact on the 
environment and life safety of the population. 
In particular, the flooding of mines initiates 
the breakdown of the established regime of 
surface and underground _ hydrosphere, 
waterlogging of agricultural land, chokedamp 
coming to the surface, atmospheric pollution 
by emissions of waste dumps. At the premises 
of coal-mining regions there is a number of 
deep faults of the earth's crust, which may lead 
to the increased amount of radioactive gas 
radon emissions. Taking into account the 
composition of mine waters that fill the 
mined-out space (see table 1), it 1s possible to 
predict the real threat to the security of the 
region's population if an uncontrolled process 
occurs. 


Taosutia 1 / Table 1 


3arpA3HCHHOCTh JpeHaxKHbIX BOL JMKBUAMPyeMBIx wWaxT OOO «PocToByrolib»» 
(110 JaHHbIM LlaxTHHCKON CaHoTIMACTaHuyy) 
Drainage water contamination of the abandoned "Rostovugol" mines 
(according to Shakhty Sanitary & Epidemiological Service) 


sac 
«I ry0oKaa» 0,005 | 0,015 | 0,455 0,03 
[= ed nd al ad 
MM. api 0,003 | 0,00 
imran 
«Marickas»» 0,003 | 0,045 
fine | 


CoylepoxkKaHiie MUKPO3JICEMeHTOB, MI/JIM 
a ie of Pate ee 


0 oe 


0,013 


«MupuHaa» 0,003 | 0,009 
«Mirnaya» 


«HOoKHasa> 0,004 | 0,009 
« Yuzhnaya» 


/\uHamMuka IaxXTHbIX BO B CJTYdae WOJIHOrO 


3aTOMJICHHA OllpeyesaeT ycNOBUA MWepeHoca 
BPCHbIX BeIIeCTB, COAepxKalIMXCA B YIIeHopor- 


HOM MaCCHBe, a TaKxKe MHTpalWl Pra30B, COCTAB- 








DDS - 


Dynamics of mine waters in case of full 
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flooding determines the conditions of transfer 
of harmful substances contained in coal-rock 
mass, as well as the migration of gases that 
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JIAFOWIMX =TOA3CMHy!O aTMOCdepy. YkKa3aHHblit 
BbIBOJ, COrIacyeTCA C MHCHHeEM IKCIeEPTHOrO Co- 
oOlecTBa, B KOTOPOM IIpeyCTaBJIeHbI cielMasiu- 
CTbI B OOMaCTH NOJ3eEMHOM reouOorMu, ruzporeo- 
NOTHM WM TOPHOM TeOMexXaHHKH 3 BeYIUX poc- 
CHMCKUX Hay4HO-HCCueOBaTeIbCKUX MHCTUTY- 
TOB H By30B [3—5, 7, 15]. 
ie yCTaHOBJICHHA IIPOCTpaHCTBeHHO- 
BPCMCHHbIX 3AKOHOMePHOCTeH 3aTOMJICHHA OBIIM 
IpoaHalIM3UpOBaHbI pe3yJIbTaTbl U3MepeHuH 110 
37 crBomam 19 MKBUAMpOBaHHBIX 1WaxT Poccun- 
ckoro JloHOacca. Ha ocHoBaHHM aHasiM3a MaTe- 
pHasOB Cea! CeTYIOWMe BbIBOJIBI: 
1. Temimbr MOBbINIeHHA ypOBHA UM yBeIM4eHHA 
OObeMa BOI, HaKaIMBaIOlleica B BbIpadoTaH- 
HOM IIpOcTpaHcTBe maxT OaccelHa, 3aBUCAT OT 
COBOKYHHOTO BIIMAHUA TeONOrM4YecKuX, TUpo- 
TeOJOrM4ecKUX WM TOPHOTeXHHYeCKHX YCJIOBUH, 
CKJIaJIbIBAIOIMXCA Ha KOHKPeTHO 3aTallJIMBaeMbIxX 
yuacTKax Maccupa. 
2. CKOpocTb TOJbeMa YPOBHA IWlaXTHbIX BO 0 
OTICJIbHbIM IWaxTaM KOJIeOeTCA B MHTepBaie 
(0,02—2) m/cyt. I[pu 9TOM HayasIbHbIN 93Tall 3a- 
TOMJICHUA XapakTepu3yetTca Ooee BbICOKHMU 
3HayeHHAMH CKOpocTuH. B mpHnoBepxXHOCTHbIX 
TOPpH30HTaxX TOPHOrO OTBOa TeMIIbI MObemMa 
YPOBHA CHW KarOTCA, YTO XapaKTepH3yeT Hacbl- 
menue yriemoposqHoro MaccuBa T10J3eMHbIMU 
BOJaMH. 
3. WnrerpanbHad xapakTepucTuKa JMHaMHKH 3a- 
TOMJICHUA BbIPAOOTAaHHOLO MpOCTpaHcTBa WlaxT B 
ipeyeuax PerwOHa MOXKET CITWKUTb MAKCHMAJIBHO 
TIpaBONONOOHbIM KpUTepveM JIA MpOorHo3upo- 
BaHHA pa3sBUTHA TuapaBMyecKon cCuTyallMu Ha 
BHOBb 3aKPbIBACMBIX IaXTax. 

AHalIv3 3IKCICPMMeCHTaIbHbIX JI@HHbIX O0Ka- 
3bIBaeT, 4TO KPHBbIe paciipesesweHuA mWoOybemMa 
YPOBHA IlaXTHBIX BO], OT BDCMCHH JIOBOJIbHO YeT- 
KO pa30HBaroTCA Ha Tp OONacTH. IKCHepuMeH- 
TaIbHoe paciipeyqesweHue 3HaveHHM allIpoKCUMu- 
pyeTca C MCMOJIb30BaHHeEM MeTOa HaMMeHbIIMX 
KBagpaToB HapadoumueckoH perpeccuert. OOo06- 
IeHHe pe3yIbTATOB MO UCCeOBaHHbIM WaxTaM 
TO3BOUMIO BbIpa3suTb JMHAMUKY 3aTOMJICHHA B 


Bue CUeTYIOuWero ypaBHeHHA: 
y=Nyau+26,04x—0,38332°, (1) 
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make up the underground atmosphere. This 
conclusion corresponds to the opinion of the 
expert community, which includes specialists 
in the field of underground geology, hydroge- 
ology and mining geomechanics from the 
leading Russian research institutes and univer- 
sities [3-5, 7, 15]. 

To establish spatio-temporal flooding pat- 
terns the authors have analyzed the results of 
the measurements on 37 shafts of 19 aban- 
doned mines in Russian Donbass. The follow- 
ing conclusions are based on the analysis of 
materials: 

1. The increase rate of the level and water ac- 


cumulation in mined-out space of the basin 
depend on the combined influence of geologi- 
cal, hydrogeological and mining conditions 
prevailing on the specific flooded areas of the 
solid mass. 

2. The speed of mine waters rising in individ- 
ual mines varies in the range of (0.02—2) 
m/day. The initial stage of flooding is charac- 
terized by higher values of velocity. In the sur- 
face horizons of the mining allotment, the lev- 
el growth rate decreases, this characterizes the 
saturation of the coal-rock mass by groundwa- 
ter. 

3. An integral feature of flooding dynamics of 
mined-out space within the region may serve 
as the most reliable criterion to predict the de- 
velopment of the hydraulic situation in the 
newly closed mines. 

Analysis of experimental data shows that 
the distribution curves of the rise of mine wa- 
ters are quite clearly broken into three areas 
from time to time. The experimental distribu- 
tion of values is approximated using the meth- 
od of least squares of parabolic regression. 
The generalization of the results in the inves- 
tigated mines made it possible to express the 
dynamics of flooding in the form of the fol- 
lowing equation: 

y=Myayt26,04x—0,3833x°, (1) 
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THe Ayay — HavasibHasd riryOuHa 3aTOMIeHuA, M; Xx 
— HOPMUpoOBaHHoe Bpemas. 

CoBMeCTHbIM aHalIW3 9KCIICPHMCHTAJIBHBIX 
JJaHHBIX MW TOPHO-reoJIOTHYeCKUX YCHOBUM JIPyrux 
YIOJIBHBIX OacceHHOB YyKa3bIBaeT Ha BO3MO%K- 
HOCTb HCIOJIb30BaHHA OMMCAaHHOrO TWOAXONa K 
MCCIeOBaHHIO IIPOIMeccoB 3aTOMJIeHHA B Impee- 
wax 9TUX TEPppUTOPHN. 

IIpuMeHeHve oOnWMcaHHOM UHTerpaybHOU Xxa- 
PaKTepHCTHKU 3aTOMICHHA TO3BOIAeT OOOCHO- 
BaHHO BBbIMOJIHHTb MepCcieKTHBHOe MpOrHo3upo- 
BaHHe CHTyallMu B IIpOCTpaHCTBeCHHO-BpeMeHHBIX 
KOOpAMHaTax WM OMeCHKY SKOJOIM4eCKOrO pucKa 
IIPH peasu3alluu Tex WIM MHbIX OpraHv3al[MOHHO- 
TeXHHYeCKUX MepOIpHATHH B paMKax JIMKBUIa- 
IMM W1axTBl. 

Jia TpesoTBpalleHuaA TWOTeHIMaIbHO omac- 
HbIX CHTyYalUM pH JMKBU aM YrOIbHBIX WaXxT 
HeOOxOTUMO: 

— B paMKax HpOrhHo3MupoBaHHaA AWHaMHKH TOJI- 
3€EMHOM FH Apochepsl BbINOJHATb JeTaIbHbIe MH- 
CTPYMCHTaJIbHble UCCWeOBAHHA CTpOeHHA yT- 
NIeBMellarolleroO MaccHBa C IIeJIbIO BbIABJICHHA 
IIPHPOJJHbIX HM TEXHOTCHHEIX IYCTOT MW KaHasioB; 
— pa3pa0aTbIBaTbh «IeCCHMUMCTHYeCKHe» HU «OII- 
THMUCTHYeCKHe»> Cl|eHapHuU pa3BHTHA COOBITHH, 
4TO MO3BOJIUT MMHUMU3UpOBaTb PHCKH OWIMO04- 
HbIX PelleHHn. 

IIporHo3Hoe 3aKIIOUeHHe, COJepxKallee OleH- 
KY pa3BUTHA aHalIM3MpyeMbIX TeXHOreHHbIX U 
IKOJIOIM4eCKUX TIPOIeccoB B CIyyae peaM3alnUu 
OJHOrO 3 #£BapHaHTOB OpraHHv3al[MOHHO- 
TeXHHYeCCKHX MePOMPHATHH, ABILACTCA KOHI[eCH- 
TPHPOBaHHbIM BbIPakKeHHeM UMHMOpMallMOHHON 
TOeCpxKKH MpWHATHA yIpaBsIeHyecKOrO pellte- 
Hua. IIporHo3 pa3pa0aTHIBaeTCA C MCIOJIb30BaHH- 
€M PYHAAMeCHTAJIBHBIX TPHHUMNOB HU MeTOM4e- 
CKUX TOAXOJOB, pa3pa0O0TaHHbIX aBTOpaMu U 
ONMCaHHbIX B paHee OMyOJIMKOBaHHbIX padoTax 
[16, 17]. B mporecce nporHo3nupoBaHHs pa3pada- 
TbIBAKOTCA BO3MOXKHbIC BapHaHTbI pa3BUTHA CO- 
ObITHH, PAaCCUMTHIBAFOTCA BEPOATHOCTH TOTO WIM 
MHOTO BapwaHTa pa3BUTHA Wpolecca u Hayex- 
HOCTb porHo3a. Jia pa3spaOoTKU WiaHa TeXHH- 


4e@CKHX MeponpunaATun JIMKBHUAauMW WIM CHWKC- 


HWA HeCraTHMBHbIX OKOJIOTWUUCCKHX TlocuIesCTBUU 


where /iyay 18 the initial depth of flooding, m; x 
is the normalized time. 

Joint analysis of experimental data and geo- 
logical conditions in other coal basins indi- 
cates the possibility of using the described ap- 
proach to study the processes of flooding 
within these areas. 

The application of the described integral 
characteristics of flooding let us reasonably 
perform the forecasting of the situation in spa- 
tial-temporal coordinates and ecological risk 
assessment in the implementation of certain 
organizational and technical measures during 
mine abandonment. 

To prevent potentially dangerous situations 


in the liquidation of coal mines it is necessary: 
— as part of forecasting of the underground 
hydrosphere dynamics to perform a detailed 
instrumental examination of the structure coal- 
bearing mass to identify natural and man- 
made vuggs and channels; 

— to develop a "pessimistic" and "optimistic" 
scenarios of events development that will min- 
imize the risks of wrong decisions. 

A forecast report containing the assessment 
of the development of the analyzed anthropo- 
genic and ecological processes in the case of 
one of the variants of organizational and tech- 
nical measures implementation is a concen- 
trated expression of information support of 
management decisions. The forecast is devel- 
oped using the fundamental principles and 
methodological approaches developed by the 
authors and described in the previously pub- 
lished papers [16, 17]. The forecasting process 
develops possible scenarios, calculates the 
probability of one or another option of process 
development and the reliability of the forecast. 
To develop a plan for technical measures to 
eliminate or reduce the negative environmen- 
tal impacts it is necessary to carry out the pre- 
diction of spatial and temporal characteristics 
of all expected events. In the first turn the val- 
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HeOOXOJMMO BBIMOJIHHTb MpOrHO3MpoBaHue IIpo- 
CTPaHCTBeCHHO-BPeCMCHHBIX XapaKTepHCTHK BCeXx 
OXKUMTAeMbIX CoObITHH. IIpu sTOM B TepByrO O4e- 
pedb paccuuTbIBaOTCA WOKa3aTeIM, CBA3AHHBIe C 
TIOBeJIEHHeM TOJ3CEMHOM ruyzpocdeppl: OOBeMBI 
BbIpaoOTaHHOTO IIpOCcTpaHcTBa, CKOpOocTH 4H 
YPOBHH TOJbeMa IWaxXTHBIX BO, pacxoy, 3arps3- 
HeHHBbIX BOJ, B IIOBCEPXHOCTHbIe BOJIOeMBI, JIOMy- 
CTHMbIM OObeM H3JIMBa IaXTHbIX BO], Ha MOBepx- 
HocTb. Ha kKaxKJOM 9Tale Npou3BOquTCcA Oba 
oueHKa cocrosHua IITC mocpeycTBom pacueta 
9IKOJIOFH4CCKUX KPUTepues. 

OHUM U3 OCHOBHBIX aCIICKTOB BbIMOJIHCHHA 
Q9KCHEPHMEHTOB ABIIACTCA BLIOOP UH BCECTOPOHHAA 
OlleHKa TeCXHHKO-TeXHOJIOrMYeCKHX CpejJICTB M0- 
myyeHua PakTHYecKOH HHMopMaunu. B yKa3aH- 
HOM [1JlaHe ObBLIM H3y4eHbI MU UCIIbITAHBI pa3sIM4- 
Hble IpHoOoppI u cucTembl. Ha ocHOBaHHM aHasin- 
3a pe3yIbTaTOB UCCeqOBAaHHM Oba BbIOpaHa 
CHUCTeMa perMOHaJIbHOrO MOHUTOPHHTa, KOTOpaA 
TO3BOIACT MOUY4aTb JIOCTOBepHble MaTepHasIbI B 
pexKUMe peasIbHOrO BPeMeHH CHHXPOHHO Ha Bcer 
Tepputopnu. IlpeumMyijecTBO MOHHTOPHHTOBOU 
CHCTeMBI Tepes, JIPyYrHMU CpeICTBaMH COCTOUT B 
BO3MO2%KHOCTH B3AUMOYBA3AHHOM paOOTbI CHCTeM 
HaOJHOAeHHA, OOPAaOOTKU VU aHasIM3a Pe3YIIbTATOB. 
JjaHHoe KayecTBO MOHUMTOPHHTa OOecTIeduBaeTCA 
HCIIOJIb30BaHHeEM CBOMCTB CHCTeEMHOCTH, CHHTe3A, 
CHHeEpruu MeTOOB HM TWporHo3os [18]. 

Saksro4enne. M1310%KeCHbI OCHOBHBIC MOXOJIbI 
K Me€TOJOJIOIMH TpOrHo3HpoBaHHA 9KOOTuUe- 
CKOM Oe30MacHOCTH Ha CTaqMuM JIMKBUaIMu He- 
TI€@PCHeCKTHBHBIX YYTOJIbHbIX WaxXT. OKONOFO- 
9KOHOMHYeCKad 9*MCKTUBHOCTb ONMCaHHON Teo- 
puu NOATBepxKyeHa pe3yibTaTaMu BHepeHuA 
MeTOJIMKM B IIpakKTHKy Hay4HO-TeXHUYeCKOrO CO- 
IIPOBOXK CHUA JIMKBUaUMOHHbIX paooT Ha TeppH- 
Topuu PocToBcKon OOsacTH. 

IIpequaraemMax MeTOJOJIOIMA, B TOM 4YHCIIe 
TeEXHOJIOIMH HW CpeyCTBa peasM3al[Mwu, MOKeT 
ObITb HCIIOJIb30BaHa BO BCeX YIOJIbHbIX PerwoHax 
Poccnu, MOCKObKy pa3padoTKa BbIMNOJHeHa Ha 
OCHOBe (D VH.AMCHTAJIBHBIX (pu3HKO- 
MaTeMaTH4YeCKHX, IKONOIMYeCKUX HM reoworMye- 
CKUX TOJIOKCHUHN C YYCTOM KOHKPeTHBbIX FOPHO- 
TeOJIOrM4ecKUX, TeOMexaHvyecKux MU TuAporeo- 
NOrM4ecKHX YCIOBHH. 
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ues associated with the behavior of under- 
ground hydrosphere are calculated: the vol- 
ume of mined-out space, speed and levels of 
mine water rise, amount of contaminated wa- 
ter in surface reservoirs, the permissible 
amount of mine waters coming out to the sur- 
face. At each stage, the overall assessment of 
the status of NTS is conducted through the 
calculation of the ecological criteria. 

One of the main aspects of performing ex- 
periments is the selection and comprehensive 
evaluation of technical and _ technological 
means of obtaining factual information. In the 
plan the authors have studied and tested vari- 
ous devices and systems. Basing on the analy- 
sis of research results they selected the system 
of regional monitoring, which allows obtain- 
ing reliable information in real time in all the 
areas simultaneously. The advantage of the 
monitoring system to other tools is the ability 
of interconnected operation of systems of 
monitoring, processing and analysis of results. 
The quality of monitoring is provided by using 
the properties of consistency, synthesis, syn- 
ergy of methods and predictions [18]. 

Conclusion. The paper contains the basic 
approaches to the methodology of environ- 
mental safety forecasting at the stage of unvi- 
able coal mines. Ecological-economic effi- 
ciency of the described theory is confirmed by 
the results of implementation of the methodol- 
ogy in practice of scientific and technical sup- 
port of abandonment operations in Rostov re- 
gion. 

The proposed methodology, including 
technology and means of implementation, can 
be used in all coal regions of Russia, as the 
development is made on the basis of funda- 
mental physical-mathematical, geological and 
environmental provisions, taking into account 
specific mining and geological, geomechani- 


cal and hydrogeological conditions. 
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